This paper provides evidence of integration in European equity and bond markets over the period
Introduction
The European Union (EU) was originally created by six founding states in 1958 but has grown to its current size of 27 member states. There were six successive enlargements since then, with the largest occurring on A central issue in asset allocation and risk management is whether European financial markets become more dependent since they joined EU. The purpose of this paper is to evaluate effects on the return and volatility interdependence after the introduction of the European Monetary Union (EMU) (for the period 1997 -2006).
We examine the patterns of correlations on financial -stock and bond -markets for six developed countries in the Euro area (Germany, France, Italy, Greece, Spain and Netherlands), six countries which are members of the European Union but have not adopt the Euro currency (Czech Republic, Hungary, Poland, Slovakia Slovenia and Latvia) and two countries which joined EU very recently (Bulgaria and Romania).
The inclusion of Bulgaria and Romania is important because this study is expected to provide a future guide for their financial markets evolution. With this paper, we contribute to the plethora of empirical evidence by investigating if the dynamics of volatility and correlation increased over the second half of 90s till 2006.
Several studies have attempted to search for integration in global financial markets, in order to identify a long run equilibrium relationship to which individual markets can be expected to converge over time. Johansen (1988) cointegration and Engle-Granger (1987) causality tests are very commonly used to investigate integrated patterns in global markets. However, the long-run stable equilibrium relationships conjectured by these techniques are not suitable for modeling the dynamic process of stock and bond market integration since these are incomplete and continue to exhibit strong variations over time.
In the past decade, the Gregory and Hansen (1996) test allowing for structural breaks, multiple classes of univariate and multivariate GARCH models, the regime switching models and copula functions created in a multivariate GARCH environment have been used as techniques of choice for research into dependence across equity markets. However, the Gregory and Hansen approach is possible not to provide robust estimation since it allows for an unknown structural break in the model. On the other hand, the other techniques suffer from the curse of dimensionality, which limits their scope for application.
In this paper, we employ AG-DCC methodology (Cappiello et. al., 2006) which is well suited to examine correlation dynamics among financial markets. This method measures risks dynamically by finding the optimal time decay of covariance information. Using structural breaks, we identify the optimal time decay where European markets share highest dependence (i.e. markets are at the same volatility path -comovement). This requires to differentiate our approach from Cappiello et al., (2006) . Rather than searching for asymmetries during a financial turmoil, we evaluate the information contained in structural breaks. As long as the presence of structural breaks implies symmetry in a particular time-period (Cappiello et al., 2006) , we modify the model from asymmetric to symmetric and search for comovements when financial markets are at the same volatility path.
Our results provide evidence on structural increase in the level of dependence between all countries both in equity and bond markets, during the period of financial crisis (2000), the introduction of the Euro (2002) and the entry of Central Eastern countries in European Union (2004) . Thus, after the establishment of the EMU (1999) regional financial integration in the European equity and bond markets is enhanced. This paper contributes to the literature within three ways: (i) adopting a framework which allows asymmetric market movements (AG-DCC model), identifying that symmetries imply strong dependence. Specifically, the null hypothesis that there are no structural breaks in our sample against the alternative is tested, modifying the methodology (AG-DCC) developed by Cappiello et al. (2006);  (ii) modelling time-varying dependence to measure risks dynamically employing symmetric specifications for both stock and bond markets; (iii) Extending previous research on Central Eastern and Balkans stock and bond markets.
The structure of the paper is organized as follows: Section 2 briefly presents the literature review. Section 3 analyzes methodological issues. Section 4 presents the data. The empirical results are reported in Section 5. The final section contains the concluding remarks.
Literature Review
The cointegration methodology developed by Engle and Granger (1987) and Johansen (1988) has given rise to numerous studies of long-run comovements between international stock markets. Empirical investigations into the existence of long-run stock market relations, using univariate and/or multivariate cointegration/error correction models, traditionally focused on the mature markets of Western Europe, United States and the emerging markets of Asia and Latin America. For example, Francis and Leachman (1998) , Kasa (1992) and Richards (1995) examined the existence of cointegration relations between the developed European and U.S. markets. Arshanapalli and Doukas (1996) , Phylaktis (1999 ), Manning (2002 , Phylaktis and Ravazzolo (2005) investigated the Asian and Pasific-Basin stock markets, while Choudhry (1997) and Chen, Firth, and Rui (2002) , examined the Latin American markets. The developing markets of Central and Eastern (CE) Europe have been investigated to a smaller extent (e.g., Syriopoulos, 2005 , Samitas and Kenourgios, 2007 . All the above studies provide evidence on the existence of increased equity market integration.
Non-linear cointegration techniques have been developed by Gregory and Hansen (1996) , Breitung and Gourieroux (1997) , Breitung (2001), and Davies (2005) .
Gregory and Hansen (1996) investigated a non-linear shifting regime regression which takes into account the possibility of instability in long-run relations, allowing for structural breaks. Adopting the Gregory and Hansen (1996) Booth et al. (1997) and Schruggs (1998) . However, these studies assume that correlation coefficients are constant over the sample period 1 .
Most recently, researchers have recognized and incorporated an element of time-varying risk premia in their investigation. They found that stock and government bond returns exhibit a modest positive correlation over a long horizon but the relationship is a dynamic one, meaning that the amount of portfolio diversification 1 For variants of multivariate GARCH models have been used to accommodate the possibilities of nonnormalities and asymmetries in the variance of returns and their closely related regime switching models, see Bekaert and Harvey (1997) , Bekaert et al. (2002) , Bekaert et al. (2005) , and Baele (in press). However, as with most multivariate GARCH models, these specifications suffer from the curse of dimensionality.
with a given asset allocation is constantly changing (e.g., Li, 2002; Fleming et al. 2003; Scruggs and Glabadanidis, 2003) . Finally, Bartram et al. (in press) , using a copula function in a GARCH framework, showed that the introduction of Euro eliminates the exchange rate risk within the Euro area. Their findings support that, within the Euro area, market dependence increased after the introduction of the common currency, but only for large equity markets 2 .
Methodology
Following Cappiello et al. (2006), we investigate properties of European equity and bond returns generalizing the DCC GARCH model of Engle (2002) using two modifications: asset-specific correlation evolution parameters and univariate asymmetrical volatilities.
We let r t be a k*1 vector of asset returns, which is assumed to be conditionally normal with mean zero and covariance matrix H t :
where Ћ t-1 is the time t-1 information set. All DCC class models [including the constant conditional correlation (CCC) GARCH of Bollerslev (1986) ] use the fact that H t can be decomposed as follows:
where D t is the k*k diagonal matrix of time-varying standard deviations from univariate GARCH models with √h it on the ith diagonal and P t is the time-varying correlation matrix.
As the DCC model is designed to allow for three stage estimation of the conditional covariance matrix, any univariate GARCH process that is covariance stationary and assumes normally distributed errors (irrespective of the true error distribution) can be used to model the variances (Engle and Sheppard, 2001 ). In the first stage, volatility estimators are fit for each of the assets, and estimates of hit are obtained. In the second stage, asset returns, transformed by their estimated standard deviations, are used to estimate the intercept parameters of the conditional correlation.
Finally, the third stage conditions on the correlation intercept parameters to estimate the coefficients governing the dynamics of correlation.
In the original AG-DCC model, the correlation evolves according to a process with identical news impact and smoothing parameters for all pairs of variables and the first stage contains univariate volatility models. However, in our study we focus in symmetric co-movements identified from structural breaks. Structural breaks often imply changes in the growth rates of the variables.
Our test is able to detect breaks in moments higher than variance. As long as we are interested in modelling the dynamics of the conditional correlation, covariances and volatilities we are concerned about fat tails which if needed we model directly using maximum likelihood. This approach contains three main advantages: (i) higher ability to distinguish between different types of structural shifts; (ii) the procedure utilises the information more efficiently than alternative procedures; (iii) we can identify interpretable coefficients for different types of structural breaks.
Since we have estimated the volatility parameters, the standardised residuals, (1 )
* 1 * 1 is a correlation matrix with ones on the diagonal and every other element ≤1 in absolute value. The model described by equations (3) and (4), however, does not allow for asset-specific news and smoothing parameters or asymmetries. Cappiello et al. (2006) use the following correlation evolution equation as:
We modify equation (5) so that parameters are symmetric in the time-decay of structural breaks.
where S,B and G are k*k parameter matrices,
is a k*1 indicator function which takes on value 1 if the argument is true and 0 otherwise, while " o "
indicates the Hadamard product) and
. Equation (6) is not asymmetric in the levels (i.e. symmetric). Similarly, the generalised DCC (G-DCC) is a special case of the SG-DCC when G=0. Our choice of univariate model is a GARCH with one lag of the innovation and one lag of volatility, because according to Cappiello et al. (2006) in the DCC family models using the standard univariate GARCH specifications offer the best performance among large panels.
From equation (6), we set a condition for Q t to be positive definite for all possible realisations so that the intercept,
, is positive semidefinite and the initial covariance matrix Q 0 is positive definite. In our study, the scalar symmetric DCC model satisfies this condition when setting α 2 +b 2 < 1.
We allow for structural breaks in both the intercept and the dynamics of the correlation process. Structural breaks in DCC model cause spurious persistence but do not generate spurious asymmetries. We set as d t a dummy variable which takes on value 1, if t≥τ<Τ and 0 otherwise. Then, we test if there is a structural break in the intercept and in the dynamic correlations using the following model:
where Our approach is different from Cappiello et al. (2006) since we test the null hypothesis which implies that there are no structural breaks in our sample. Thus, rather than searching for asymmetries during a financial turmoil, we evaluate the information contained in structural breaks. Since, the presence of structural breaks imply symmetry in the particular time-period, we modify the model from asymmetric to symmetric and search for comovements (i.e. dependence) when financial markets are at the same volatility path.
Data
The statistical data in the empirical analysis of stock markets consist of the daily stock The analysis is based on data in local currency terms but the findings are basically the same when the data are converted in euros. The stock index prices in local currency depict the domestic market reactions to information from foreign markets from the perspective of the domestic investors (Choudhry, 1994) . Expressing the stock price indices in their national currencies restricts also their changes to the movements in the stock prices solely, avoiding distortions induced by numerous devaluations of the exchange rates that have taken place in the CE region (Voronkova, 2004) .
Empirical Findings
Modelling dependence by conditional SG-DCC model, we observe that Central
Eastern and Balkan stock markets share long-run comovements with their mature counterparts. Table 1 contains descriptive statistics for the data. For equity returns all markets are skewed and exhibit fat-tails. On the other hand, all bond markets are leptokurtotic. In both cases we identify that there is no strong normality. Table 2 summarises information about the distribution of the conditional correlations for equity and bond markets. Overall, equity markets are moderately correlated.
However, bond markets are sufficiently stronger correlated. Consequently, countries in the Euro-area share higher correlation in both markets, as expected. Also, CE stock markets share higher conditional correlation with E.M.U. The same condition applies for CE bond markets. In addition, Bulgarian and Romanian stock and bond markets have higher correlation with the Balkan region compared to CE and EMU markets.
In Table 3 , we report summary statistics for conditional partial covariance.
Again, bond markets provide stronger evidence of symmetry. In the Euro area stock and bond markets, covariance is the stronger (0.574 and 0.687). Less symmetry is obtained in the Balkans markets, where the covariance for their stock markets is only 0.518.
Using AG-DCC model, we test the null hypothesis of no structural breaks. The test rejects the null hypothesis of no structural breaks. Cointegrated dynamics are represented in our sample with the existence of structural breaks. When countries share strong comovements they are in the same volatility path and their dependence increases. At these points there exist structural shifts in the information contained in the equity and bond markets. Structural shifts create structural breaks with a probability from 0 to 1. When probability approaches 1, dependence for the markets become stronger.
In Tables 4 and 5 
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